Objective: To develop an effective outbreak-control strategy by identifying the source and modes of transmission of Staphylococcus capitis in a 60-bed neonatal intensive care unit (NICU).
Introduction
Coagulase-negative staphylococci are the organisms most commonly isolated from critically ill neonates with hospital-acquired bacteremia.
1,2 Coagulase-negative staphylococci are commensals of the skin and mucous membranes, and although they occasionally cause disease in humans, their virulence is usually limited. 2, 3 They have caused a few cases of bacteremia, most notably in infants with central venous catheters or respiratory infections. 4 Because premature infants are fragile, they can exhibit severe symptoms in response to coagulase-negative infection. Among the 30 coagulase-negative infection strains identified to date, Staphylococcus epidermidis and Staphylococcus haemolyticus have been the main causes of infection in humans. 5 Reported cases of Staphylococcus capitis infection in humans have been rare. 6 In July 2002, an outbreak of S. capitis infection occurred in the neonatal intensive care unit (NICU) of the Nantes Tertiary-Care Teaching Hospital. Genotype studies showed that the 33-affected infants carried organisms derived from a single clone. The aim of the present study was to develop an effective outbreak-control strategy by identifying the source and modes of transmission of the organism.
Methods

Definitions and case ascertainment
The study patients were neonates admitted to the NICU between 17 June 2000 (identification of the first case of S. capitis-positive culture) and 20 November 2003. Our weekly surveillance of NICU microbiological results detected an unusual increase in S. capitis and the outbreak was formally identified in May 2002, and then the surveillance was heightened. A case was defined as a neonate in whom S. capitis isolates were recovered in cultures of blood, central venous catheters, tracheal fluid aspirates or abscess contents. Some patients with positive isolates were identified retrospectively by reviewing the microbiology laboratory records. Cases were then divided into patients with infection (symptoms consistent with S. capitis infection, with laboratory evidence of inflammation) and patients with colonization (no symptoms or laboratory evidence of inflammation). The study period extended from the day on which the outbreak was first reported to November 2003. Screening for S. capitis was performed in all the hospitalized newborns by culturing anterior nasal recessus secretions.
Statistical analysis
Student's t-test and Fisher's exact test were used to evaluate the statistical significance of associations linking S. capitis infection to continuous and categorical variables, respectively.
Procedural, environmental and microbiological investigations
To collect data on care provided to the neonates, we interviewed the NICU physicians and nurses, and we observed the staff during their everyday work. We drew a map showing where each case was hospitalized in the unit. Because S. capitis is reported to thrive in lipid-rich environments, we cultured intralipid syringes, hand lotions of health-care providers and the refillable almond oil bottles that were used daily as a skin emollient in the premature infants. Unopened almond oil bottles were also cultured. Oil cultures were performed as described in the European Pharmacopoeia (version V.2.1.1, July 1987).
Microbiological tests
All isolates were identified using the VITEK 2 automate (Biomérieux, Marcy l'étoile, France) with the ID-GPC card or ID 32 STAPH gallery (API, Biomérieux). Susceptibility to antimicrobials was tested using the VITEC 2 automate with the AST-P515 card (Biomérieux).
Isolates were analyzed by pulsed-field gel electrophoresis. The procedure was performed as descried by Bannerman et al. (J Clin Microbiol 1995; 3: 51-55). Briefly, a washed bacterial suspension was mixed with 2% Seaplaque agarose (FMC, Rockland, ME, USA) at 55 1C and allowed to solidify into plug molds at room temperature. Chromosomal DNA was prepared in several incubating and washing steps by using EC buffer (Tris-HCl, NaCl, EDTA, deoxycholate, Sarkosyl), lysostaphin and proteinase K. After digestion of the genomic DNA by SmaI, the restriction fragments were separated by pulsed-field electrophoresis using a temperaturecontrolled CHEF DRIII system (Bio-Rad, Hertfordshire, UK). After staining with ethidium bromide, the fragments were visualized by using a UV transilluminator and then documented by using a video gel documentation system. For pulsed-field electrophoresis pattern analysis, the software GelCompar (Applied Maths) was applied. The dendograms were calculated, and isolates were considered identical and closely related when there were 0 and p2 banding differences. 
Results
Of
Description of the cases
Of the 33 neonates colonized or infected by S. capitis, 16 (48%) were girls; 29 (85%) were born prematurely and median gestational age of the total cohort was 28.5±4.4 weeks of gestation ( Table 1 ). The age range at S. capitis recovery was 10-68 days (median 32.9±5.6). All positive S. capitis tests occurred after at least 3 weeks in the NICU. Of the 11 cases with underlying diseases, 5 had chronic lung disease, 1 had patent ductus arteriosus, 3 had intraventricular hemorrhage and 2 had necrotizing enterocolitis.
Apnea, bradycardia, temperature instability and reduced activity were the main clinical features in the neonates with infection. Respiratory distress developed in two babies. In each case, a single specimen was positive for S. capitis; the specimens were blood in 23 (69%) cases, intravascular catheters in 7 (21%) cases, bronchial 
Geography of the cases
When we mapped the beds of the patients colonized or infected by S. capitis in 2002, we found that 12 (63%) of the 19 neonates stayed in same 6 beds of the 60 in the NICU. Those six beds were contiguous in the NICU.
Microbiologic investigations
Of the 23 blood cultures positive for S. capitis, 21 were considered to indicate infection, and of the 7 positive catheters, only 1 (umbilical venous catheter) was considered to indicate infection. The two positive respiratory secretion specimens and the single positive skin specimen were considered to indicate infection. Because S. capitis is known to thrive in lipid-rich media, we cultured samples from the 6 almond oil bottles assigned to the 6 beds of the NICU where 12 of the 19 cases were hospitalized in 2002. The bacteria recovered from almond oil samples were identified as S. capitis using the VITEK automate. The antibiotic-resistance phenotype was identical for all isolates (resistance to oxacillin, kanamycin, tobramycin, gentamicin, and fosfomycin and by susceptibility to erythromycin, lincomycin, fusidic acid, vancomycin and teicoplanin) except in case 1 and case 2, which were resistant to rifampicin and ofloxacin. Pulsed-field gel electrophoresis established that the S. capitis strain recovered from the almond oil was genetically identical to the strain recovered from the cases (Figure 2 ).
Outbreak control measures
The identification of S. capitis in the almond oil strongly suggested that neonates were contaminated directly during massaging with the oil and/or indirectly via the hands of ICU staff members using the oil. To decrease transmission via these routes, the use of almond oil was eliminated, and sterile petroleum jelly in unit doses was used instead. Two evaluations of hygiene practices in the NICU were performed in May and June 2002 by the Infection Control Team. A variety of infection control measures were recommended for decreasing the risk of transmission of S. capitis among babies. These measures made up the fundamentals of isolation precautions of S. capitis colonized or infected babies. Standard precautions were applied for all the other babies. When possible, babies with S. capitis were placed in a private room, with visible sign on the door and cared for by nurses who did not provide care to S. capitis-negative patients. When a colonized or infected baby shared a room with a noninfected patient, personnel and visitors should take precautions to prevent the spread of S. capitis between babies. Washing hands as promptly and thoroughly as possible between patient contacts and after contact with colonized/infected babies, and equipment or articles contaminated by them was an important component of infection control. Use of alcohol-hands rubbing was promoted. In addition to hand washing, gloves and gowns were recommended to reduce the risks of transmission of S. capitis. The wearing of masks was recommended for the two babies with respiratory infection. Rooms and bedside equipment of babies were cleaned using the same procedures used for patients on standard precautions. Information concerning isolation precautions was diffused to all the health-care workers as ophthalmologists, physiotherapists, radiologists and so on.
During this period of infection control measures, screening for S. capitis was performed once a week in all the hospitalized newborns by microbiological analysis of nasal recessus. This systematic screening permits to determine the reservoir of colonized patients and to evaluate the efficacy of the precaution measures. However, in spite of the implementation of theses isolation measures new cases occurred, signifying that the cross-transmission was not controlled (Figure 1) .
Almond oil elimination in late November 2002 failed to diminish significantly the incidence rate of nosocomial infections with coagulase-negative staphylococci, most notably S. capitis. Table 2) .
Discussion
Contamination of almond oil used for routine skin care was implicated in an S. capitis outbreak in our NICU, as a vehicle for propagating the outbreak. Measures prompted by identification of this source of bacteria were successful in ending the outbreak. A few reports have incriminated almond oil as the source of outbreaks of nosocomial infections.
Coagulase-negative staphylococci are frequently isolated from blood cultures in critically ill neonates and are now the most commonly identified cause of hospital-acquired bacteremia. 1, 2, 6 S. epidermidis has been responsible for most cases to date. There have been few reports of human disease caused by S. capitis; most were cases of endocarditis in adults. 7 S. capitis thrives in lipid-rich media; thus, it is found selectively at the scalp and chin, where sebaceous glands are abundant. 8 The cell wall carries proteins that bind to and precipitate human high-density lipoproteins. 9 This characteristic prompted us to culture samples of almond oil in our NICU.
Lipid-rich products including almond oil are widely used in neonatal care, to massage the abdomen. [10] [11] [12] In this report, almond oil, contaminated via the hands of ICU staff members during newborns care, was a vector of the outbreak. We are aware of a single previously reported case in which almond oil resulted in transmission of an organism to a neonate. 13 Serratia marcescens meningitis developed when the patient was 6 days old. The epidemiological investigation showed that S. marcescens was present in the stools of 15 of the 38 neonates in the unit and that bottles of almond oil were the source of the organism. In our unit, eliminating the use of almond oil was followed by a significant decrease in S. capitis-positive cultures. The three cases that occurred after elimination of the almond oil can probably be ascribed to the presence of healthy carriers in the unit with occasional transmission via the hands. Nowadays, isolation of an S. capitis is very rare in our NICU.
Infection with coagulase-negative staphylococci is associated with longer hospital stays and therefore higher hospital costs in low birth weight infants. 3, 4 However, they cause less inflammation and result in less morbidity and mortality, as compared to infections with Gram-negative bacteria or Candida.
2,3,6,14 S. capitis infection is rarely fatal. In one patient, fatal necrotizing enterocolitis occurred in an infant with an S. capitis strain that developed vancomycin heteroresistance during treatment. 15, 16 All the strains recovered in our unit were susceptible to glycopeptides. None of the cases died, and a prompt treatment response was observed consistently. A single patient experienced a recurrence that required additional antibiotic therapy. Persistent S. capitis septicemia has been recently reported in a preterm infant treated with a combination of rimfampicin and linezolid. 17 The development of new therapeutic targets suggest the future possibility of antibody therapies against S. capitis.
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Effective control of nosocomial infections requires real-time epidemiological surveillance of each unit and close cooperation among units involved. When outbreaks occur, routine screening is essential to obtain reliable data on cross-contamination patterns. Confining surveillance efforts to patients with infection is not sufficient to demonstrate that elimination of a potential source is effective. Early diagnosis and prompt initiation of preventive measures govern in large part the effectiveness of infection control. Staphylococcus capitis outbreak in neonates C Gras-Le Guen et al
